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Summary 
The paper presents results of research on a cross element damaged during the service, made of the casting alloy of aluminum - 
AlSi11Cu2(Fe) (AK132). Performed research was to explain the reasons for this damage and included microstructural observation as well 
as the investigation on mechanical properties. On the basis of the tests carried out it has been noticed that there is significant 
inhomogeneity of the structure characterized by the presence of both: normally modified eutectic areas (α + Si) and needle-shaped primary 
silicon crystals. On the cross-section of the cast wall there were numerous casting defects of diverse size observed – shrinkage porosity. 
On the basis of the research it has been concluded that the damage of the examined element occurred as a result of fatigue cracking 
initiated from the surface near the marks left by the knock-outs, while the subsequent propagation of the crack ran along the primary 
precipitates of silicon crystals as well as through the crystals.   
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1. Introduction 
 
Pressure castings made of Al-Si-Cu alloys due to their low 
specific gravity (2,6-2,8 g/cm
3) are used for elements in the 
machines and devices where the main criterion for material 
selection is lightness of the construction. Properties of these alloys 
– high specific resistance and corrosion resistance as well as the 
advantages of casts made in the pressure technology, are the 
reason why more and more parts casted from cast-iron are being 
replaced with aluminum casts, and the main user is the 
automotive and electromechanical industry. In the group of triple 
Al-Si-Cu alloys the circum-eutectic alloys are most widely 
applicable and they are characterized by very good casting 
properties, most of all high running quality and low shrinkage. 
Making quality casts of these alloys requires, however, correct 
performance of the technological process. What is of particular 
significance here is the metallurgic quality of liquid metal, the 
coincidences of refining and modification, properly designed 
gating system and the right selection of injection parameters.  
Presence of gas impurities in a liquid alloy and incorrect 
filling of the mould cavity with liquid metal, beside the gas 
occlusion, is the main cause of defects in the pressure casts. 
Service properties of the pressure castings are also dependent on 
the type, quantity and morphology of the crystallizable phases, 
and in particular silicon and phases rich in copper and iron. In the 
structure of these alloys the fundamental constituent is siliceous 
eutectic on the background of which the following can appear: 
dendrites of α phase, primal crystals of phases of the Al5SiFe 
type, Al2Cu phase with granular structure and globular AlFeSiMn. 
Acceptable iron content in aluminum alloys used for pressure 
casting is much higher than in the alloys used for casting in sand 
moulds or metal moulds. The reason for this is that big pressure 
causes changes in the morphology of ferric phases, which in ARCHIVES OF FOUNDRY ENGINEERING Volume 11, Issue 2/2011, 29–34  30 
effect eliminates the negative influence of iron on Rm and A5, and 
also the fact that bigger amounts of Fe decrease the cast’s 
adherence to the pressure mould [1-7]. 
The improvement of mechanical properties of silumins is 
achieved through modification of lamellar siliceous eutectic into 
fibrous eutectic. Within the group of modifying elements (Na, Sb, 
Sr, Ca, Bi) strontium is the most widely applied in industrial 
conditions because it is easily put into bath (AlSr master alloy) 
and because of its short incubation period (possibility of casting 
after a dozen minutes or so, starting from the moment of 
introducing the modifier) as well as the relatively large stability of 
modification (about dozen hours or so). Pressure silumin castings 
are modified not very often because high rate of solidification 
ensures small inter-phase space between the silicon plates. 
Modification is mostly performed for construction elements 
which are expected to have higher plasticity and resistance to 
fatigue load [8, 9]. 
The aim of this study was to assess the causes for damage of 
the cross made of aluminum alloy AlSi11Cu2(Fe). 
 
 
2. Methodology of research 
 
Microstructural research was performed by means of Axiovert 25 
optical microscope while the investigation on fatigue fractures 
was made by means of JOEL JSM -  5400 scanning microscope. 
The microstructural research was carried out on the 
conventionally prepared metallographic specimens, both: non-
etched ones as well as the etched ones, with the metallographic 
reagent Mi1Al. Investigation on the chemical composition was 
conducted by means of an optical glow discharge spectrometer of 
the GD850A type manufactured by LECO. Measurement of 
hardness of the examined alloy was made with the Brinell method 
using a globule penetrator with its diameter of 2,5mm, assuming 
the value of ratio 0,102 F/D
2 (F – load force in N, D – diameter of 
the penetrator (globule) in mm) equal to 5. For each examined 
element there were five measurements of hardness taken.  
 
3. Research results and their analysis 
 
3.1. Material for research 
 
The subject of research was Al – Si  alloy with the chemical 
composition presented in Table 1. 
 
Table 1. Chemical composition of the alloy Al–Si, %mass. 
Chemical composition of the investigated Al–Si alloy 
corresponds to the alloy grade of EN AC AlSi11Cu2(Fe) 
(marking according to the chemical composition). Investigation of 
the chemical composition has revealed that the analyzed alloy is 
characterized by higher content of silicon than required, whilst the 
content of the remaining elements was accordant with the 
standard demands [10].     
Higher silicon content contributes to an increase in the 
strength properties (hardness, tensile strength), however, it causes 
a decrease in the silumins plasticity, being low already [11, 12].  
 
 
3.2. Macroscopic research 
 
Macroscopic image of the analyzed detail is shown in Fig. 1. 
On the basis of performed macroscopic observations it has been 
concluded that the investigated detail did not reveal any damages 
which could prove its wrong service or the effect of external 
forces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Macroscopic image of the examined detail 
 
Observation of the surface of the analyzed detail has revealed 
the presence of cracks nearby the area of transition (fillet) of the 
cross’s arm, running not only parallel but also perpendicularly to 
the arm axis. Moreover, on the surface of the cast there were 
cracks observed, diverging radially from the surface of knock-out 
marks (Fig. 2). On the detail’s flat surfaces perpendicular to the 
side walls there were very slight casting defects visible, the so-
called pinholes. 
Macroscopic image of the fracture of the damaged element 
no. 1 is presented in Fig. 3. Performed observations of the 
fracture’s surface showed presence of at least two places of 
initiation of fatigue cracking in the examined detail. On the 
surface of the formed fracture, as well as on the surface of walls, 
no visible plastic strains were remarked. Zone of the final fracture 
was of a quasibrittle character.  
 
  Si Fe  Cu  Mn  Zn  Pb  Sn 
Investigated 
alloy 
13,50 0,85 2,00 0,10 1,65 0,20 0,03
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Fig.2. Image of the cracks on the  cross’s surface 
 
 
Fig. 3. Macroscopic image of the fracture of the investigated   
              detail.  Arrows  mark  the  identified  areas  of  fatigue  
              cracking initiation  
 
3.2.  Microstructural research  
 
Investigation of the microstructure was carried out on 
metallographic specimens taken from the damaged element. The 
points of taking the samples for metallographic tests are 
illustrated in Fig. 4.  
 
 
 
Fig. 4. Points of drawing the samples of metallographic   
               specimens for microscopic study.  
 
 
Fig. 5. Sample defects revealed in the examined element: a)   
A area, b) B area,  non-etched metallographic specimens 
 
The tests made with non-etched metallographic specimens 
revealed the presence of casting defects – the micro- and the 
macro- shrinkage porosity of diverse shape and location. 
a)
b)
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Examples of defects observed in the investigated element are 
illustrated in Fig. 5, 6. Defects of this type were seen on the 
surface of metallographic specimens sampled from all of the 
analyzed areas. Size of the revealed defects was diversified and 
ranged from a few dozen micrometers to ca. two millimeters (Fig. 
6).  
Shrinkage porosity observed in the microstructure of the 
investigated alloys often occurred with the net of micro-cracks 
running through the eutectic (α + Si) – Fig. 5c. These defects also 
occurred in the near-surface areas. Presence of the micro – and 
macro shrinkage porosity contributes to the reduction in the arm’s 
cross-section and stress concentration, and what is more, the 
presence of this type of defects in the near-surface area may 
constitute a potential centre of fatigue cracking.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Revealed shrinkage porosity in the investigated element 
 
The microstructure of the examined aluminum alloy was a 
microstructure of modified circumeutectic silumin, i.e. solid 
solution of the eutectic α and (solid solution α + crystals of Si).  
Modification of silumins takes place through the addition of 
elements, such as: sodium, strontium or antimony. Modification 
of Al – Si alloys is most of all aimed at changing the shape of 
precipitates of the Si – silicon crystals from the needle-like, 
lamellar one to the shape close to globular. Modification of Al – 
Si alloys can be also conducted through the application of proper 
cooling rate for the cast. As a result of the modification – change 
in the shape of Si crystals precipitates – there is an increase in 
mechanical properties, both: the strength and the plastic ones, 
even by 80% in comparison with the alloy not subjected to 
modification [11, 12].  
The microstructure observed in the investigated aluminum 
alloy was diversified on the cross-section (Fig. 7). The silicon 
precipitates observed in the examined alloy’s structure were of the 
shape close to globular (desirable, Fig. 7a), as well as of the 
needle-like shape (undesirable) – Fig. 7a, 7b, and moreover, there 
were also precipitates of multilateral solid shape discerned (7b, 
7c).   
Precipitates of silicon crystals of the needle-like (lamellar) 
shape were noticed in the background of a solid solution and 
formed colonies of plates, often radiating from the nucleation 
centre. (Fig. 7b).  
 
 
 
Fig. 7. Microstructure of the alloy Al – Si, a, b) A area;   
              c) B area; etched with Mi1Al 
 
The presence of silicon precipitates in the aluminum alloy’s 
structure, in the form of plates with sharp contours, favors 
generating and propagation of cracks in them under the effect of 
external stresses. What is more, the sharp edges of crystals may 
interact as notches causing the concentration of stresses [13].   
Alloys of Al – Si not subjected to modification or with a structure 
modified incompletely are characterized by lower mechanical 
properties in comparison with the alloy subjected to modification.  
It should be noted that the morphology of eutectic (α + Si) in 
the investigated alloy was anomalous due to the presence of both: 
correctly modified eutectic areas as well as the needle-shaped 
silicon crystals (Fig. 7). This fact indicates an incomplete 
modification of the examined alloys.  
Primary silicon crystals and large clusters of eutectic (α + Si) 
cause a local abrupt change of the material properties, most of all 
an increase in the alloy’s brittleness. Precipitates of eutectic in the 
near-surface areas may constitute the centres of initiation for 
fatigue cracks.   
a)
b)
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Moreover, the microscopic research has proved that crack 
growth in the examined elements processed through the eutectic 
(α+Si) – Fig. 8a and through (or along) the brittle precipitates of 
silicon (Fig. 8b). 
 
 
 
Fig. 8. Crack growth: a) through the eutectic (α+Si), b) along the  
            silicon  precipitation  c)  through  the  precipitation,  
            non-etched metallographic specimen 
3.3. Fractographic research 
 
Fractographic research on the surface of the fracture  has 
proved that the damage of the examined element occurred as a 
result of fatigue cracking. Fig. 9a illustrates a piece of fracture 
nearby the presumable point of fatigue crack initiation, whilst Fig. 
9b shows the visible rest striae corresponding to further stages of 
the fatigue cycle and the so-called secondary cracks running deep 
into the material. Performed research has shown the presence of at 
least two centres – points of initiation of fatigue cracks. Fatigue 
centres were located on the detail’s surface: 
-  nearby the knock-out mark  
-  on the arc between side wall and flat surface.  
 
 
 
Fig. 9. a) fragment of the fatigue fracture, b) fatigue stripe on  
             the surface of the fracture 
 
3.4. Hardness measurement  
 
The results of research on mechanical properties – measurement 
of hardness with the Brinell method – is presented in Table 2.  
Measurement of hardness with the Brinell method has shown 
that hardness of the examined alloy met the standard requirements 
c) 
b) 
a) 
a) 
b) ARCHIVES OF FOUNDRY ENGINEERING Volume 11, Issue 2/2011, 29–34  34 
– minimum value of hardness for this alloy grade amounts to 80 
units.  
 
Table 2. Results of hardness measurement with the Brinell   
                  method 
Hardness according to 
Brinell 
HBW2,5/31,25  
Mean value 
HBW2,5/31,25 
Standard 
deviation 
92 
93 
93 
93 
94 
93,0 ±  0,71 
 
 
4. Summary 
 
1.  The examined detail was made of aluminum alloy with 
its chemical composition corresponding to that of the 
alloy grade - AlSi11Cu2(Fe). These alloys had an 
increased silicon content. 
2.  Damage of the element occurred as a result of fatigue 
cracking initiated in at least two places. Cracking of the 
details did not occur along with any plastic strain; these 
elements were subjected to quasibrittle damage. Fatigue 
cracking was initiated near the marks from knock-outs. 
3.  Shrinkage porosity, revealed in the microstructure of 
the examined element, was of diversified morphology 
and the size ranging from a few dozen micrometers to 
ca. two  millimeters. Together with the shrinkage 
porosity there was also a net of micro-cracks observed 
running through the eutectic (α + Si).  
4.  Investigated alloy was characterized by microstructure 
of circumeutectic silumin subjected to modification. In 
the microstructure of the examined silumins, apart from 
correctly modified eutectic (α + Si) there were also 
precipitates of silicon crystals observed - in an adverse 
form, i.e. needle-shaped one – as well as large 
precipitates in the shape of a multilateral solid.  
5.  Cracking in the examined alloy ran mostly through  the 
eutectic (α + Si) and through (or along) the brittle 
silicon precipitates.  
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